Conventional treatment of non-small cell lung cancer (NSCLC) has apparently reached a plateau of effectiveness in improving the survival of the patients. For that reason the search for new therapeutic strategies in this type of tumor is justified. 1E10 is an antiidiotype murine monoclonal antibody (Ab2 MAb) specific to P3 Ab1 MAb, which reacts with NeuGc-containing gangliosides, sulfatides and with antigens expressed in some tumors, including those from the lung. We report the treatment with aluminum hydroxideprecipitated 1E10 MAb of 34 stage IIIb and 37 stage IV NSCLC patients. These patients were treated with the anti-idiotype vaccine, after received standard chemotherapy and radiotherapy, in a compassionate-use basis study. Patients received five bi-weekly injections of 1 mg of 1E10/Alum, other 10 doses at 28-day intervals and later the patients who maintained a good performance status continued to be immunized at this same time interval. No evidence of unexpected or serious adverse effects was reported. The median survival time of the 56 patients who entered the study with partial response or disease stabilization and with a PS 1 after the first line of chemo/radiotherapy, was 11.50 months from starting vaccination. In contrast, the median survival time calculated for patients who started vaccination with progressive disease and/or a PS2 was 6.50 months.
IntroductIon
Lung tumors constitute the first cause of death among the neoplasias and every year 1.2 million new cases are diagnosed worldwide. Nonsmall cell lung tumors (NSCLC) constitute the predominant histological type among the lung neoplasias, representing between 75 and 80% of all tumors. Approximately 50 to 70% of the patients are diagnosed with unresectable metastatic disease (stage IIIb and IV). 1, 2 International practice in the treatment of stage IIIb tumors consists in the administration of chemotherapy associated or not with thoracic radiotherapy while chemotherapy is proposed as the treatment of choice for the patients in stage IV (NCI treatment guidelines for unresectable NSCLC, version 2, 2006) .
The combinations of two agents: platinum based (cisplatin or carboplatin) together with one or two of the new drugs (paclitaxel, docetaxel, gemcitabine, vinorelbine, premetrexed) have shown an additional improvement in survival in comparison to the therapy with a single agent or with older regimens. [3] [4] [5] [6] Nevertheless, the median survival time even after the best available oncospecific therapy is limited to approximately 8-9 months and a 1-year survival rate of 30-36%. 4, [6] [7] [8] The benefits of these therapies were observed mostly in patients with good performance status (PS). The median survival among patients with a PS0 is 9-17 months, as compared with 6-7 months for PS1 and 3-4 months for PS2. 4, 9, 10 In consequence, new strategies should be tested to achieve a greater therapeutic impact in the patients bearing NSCLC.
Among the treatment strategies to develop an effective immune response against tumor-associated antigens is the use of anti-idiotype (Ab2) MAb as antigen surrogates. [11] [12] [13] [14] [15] [16] [17] The use of Ab2 as vaccines arose as a consequence of Jerne's theory, 18 that postulates the existence of Ab2 that carry the "internal image" of antigenic epitopes.
Attractive targets for immunotherapy with anti-idiotype MAbs are Neu-glycolyl (NeuGc)-containing gangliosides, because these glycolipids are not normal components of the cytoplasmatic membrane in humans. The absence of NeuGc-neuraminic acid in humans is due to the inactivation of the gene for the enzyme responsible for NeuGc biosyntesis. [19] [20] [21] The presence of small amounts of this kind of sialic acid was reported few years ago in some human normal tissues, probably originated by the ingestion of food from mammalian origin. 22 Nevertheless, it is noteworthy that there is a differential pattern of expression of NeuGc in normal and malignant human tissues. [23] [24] [25] [26] [27] [28] We previously reported a vaccine preparation that contains a murine anti-idiotype MAb related to NeuGc-containing ganglioside antigen model. This Ab2, named 1E10, 29 was generated from the immunization of BALB/c mice with the P3 MAb, an Ab1 antibody that recognizes gangliosides having the NeuGc sialic acid, sulphated glycolipids and antigens present in different human tumors, including those from the lung 26, [30] [31] [32] [33] (see also Fig. 1 ).
1E10 anti-idiotype MAb was able to induce specific antibody response against NeuGc-containing gangliosides in chickens; 34 where like in humans these gangliosides are not expressed in normal tissues. 35, 36 Preparations containing 1E10 MAb were able to induce anti-tumor effects against lung metastases in murine models. 37 Different phase I clinical trials have been conducted in patients with advanced melanoma, breast cancer and small-cell-lung cancer (SCLC) using aluminum hydroxide precipitated-1E10 MAb. The results of these clinical trials demonstrated the low toxicity and the high immunogenicity of this anti-idiotype vaccine. 32, 33, 38, 39 In particular, a prolonged survival was observed in several patients with SCLC treated with the vaccine, and in one patient a complete regression of the tumor was reported. 33 Here, we report the outcome of the treatment with 1E10 anti-idiotype vaccine in stage IIIb/IV NSCLC patients included in a compassionate-use study, after completion oncospecific first line treatment.
MAtErIAL And MEtHods
Anti-idiotype 1E10 MAb for the clinical trial. 1E10 MAb was purified from mouse ascites in the Good Manufacturing Practice (GMP) facilities of the Center of Molecular Immunology. Purification of 1E10 MAb was performed by DEAE-exchange chromatography followed by affinity chromatography on Protein A-CL Sepharose 4B column and size exclusion chromatography on Sephadex G-25 column (Amersham Pharmacia Biotech, Uppsala, Sweden). The purity of the isolated immunoglobulin was more than 97% as determined by SDS-PAGE, high-pressure liquid chromatography, and isoelectric focusing. The vaccine was produced in accordance with the Good Manufacturing Practice guidelines and certified by the Quality Control Department of the Center of Molecular Immunology. Briefly, sterile purified 1E10 MAb was aseptically mixed at a final concentration of 1 mg/mL with 5 mg/ mL of aluminum hydroxide as adjuvant (Superfos Biosector, Frederikssund, Denmark). The mixture was gently stirred for three hours at room temperature. The aluminum hydroxide-precipitated MAb was aliquoted into pyrogen-free, sterile glass vials and stored at 4°C until use. The final product was tested for sterility, pyrogenicity, and general safety in mice and guinea pigs before use, according to United States Pharmacopoeia 40, 41 and to British Pharmacopoeia. 42 Patients. Patients with histo or cytological confirmed advanced NSCLC were eligible for enrollment in the compassionate-use study, after providing written, informed consent. Staging was performed according to the criteria established for NSCLC by AJCC (2003). Prior radiotherapy and chemotherapy had to be completed 4 weeks before enter the study. Other eligibility criteria included WHO performance status ≤2, age ≥18 years, normal haematopoietic, hepatic and renal functions, and life expectancy higher than 3 months. The most important exclusion criteria included the presence of brain metastases, pregnancy or lactation, serious chronic diseases and active infections. Patients who had received treatment with MAbs or other biological modifier of the immune response were not included.
Treatment Schedule. Patients were injected intradermally with 15 doses of 1 mg of aluminum hydroxide-precipitated 1E10 MAb, as base treatment. The first five doses were administered every 14 days and the remaining ten doses were administered every 28 days. After 15 doses, reinmunizations were administered at 28 day intervals, if the patients maintained a favorable clinical status. 
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Evaluation before and during treatment. Baseline evaluation included medical and smoking history, physical examination, vital signs, performance status, complete blood cell count and blood biochemistry, and tumor assessment by X-rays as well as computer tomography scans. Follow-up evaluation (every month) included physical exam, imaging studies, complete blood count and biochemistry. Adverse events were evaluated according to the NCI Common Toxicity Criteria (version 3.0).
Patients who received one or more vaccine doses were evaluable for toxicity and clinical results.
Nonrandomized control. As a provisional reference control, data from 163 patients who were treated with the same radio-chemotherapy were used. This information, already published, 43 was kindly supply by Dr. E. Neninger (Department of Medical Oncology, Hermanos Ameijeiras Hospital, Havana City). Among these patients, 109 were in stage III and 54 were in stage IV. Ninety patients had PS0-1 and 73 had a PS2.
Statistical analysis. Survival times were estimated using the Kaplan-Meier method using the SPSS Program (version 10.0) and were compared using the Log-rank test.
rEsuLts
Patient characteristics. Seventy one patients with histological or cytological confirmed advanced NSCLC were included in the study. Patient's characteristics are presented in Table 1 . Forty-two patients were men and 29 were women. Median age was 59 years (range 34-80 years). All the patients have previously received the oncospecific treatment established in the Oncological Therapeutic Standards, according to their stage at the moment of the diagnosis by the NCCN guidelines (version 2.0, 2006). Chemotherapy consisted mainly on cisplatin/vinblastin as first line. After finishing standard therapy, 11 patients reached partial response (PR), 53 patients had stable disease (SD) while in seven patients their disease was in progression (PD). Thirty four and thirty seven patients had stage IIIb and IV, respectively. Fifhteen patients had adenocarcinoma, 45 squamous cell carcinoma and 11 large cell carcinoma. The sites of metastases were bones, liver, contralateral lung, axillary and supraclavicular lymph nodes. Sixty-one patients had a PS1 and 10 had a PS2. Most of the patients were smokers or ex-smokers (65).
Vaccine administration. Of the 71 patients included in the study 14 received more than 15 doses of the anti-idiotype vaccines, 53 received between 5-15 doses and only four received less than five doses. High blood pressure 3 Figure 2 . Kaplan-Meier overall survival curve. On the y-axis, the percentage of surviving is reported; on the x-axis, the time from entrance the study (months) is reported. 
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Toxicity. All patients were assessed for toxicity and the adverse events observed are shown in Table 2 . The overall toxicity of 1E10 anti-idiotype vaccine was classified as grade 1 and 2, according to the NCI Common Toxicity Criteria (version 3.0). The most common side-effects were local reaction at the injection site with erythema and induration occasionally associated to mild pain that disappeared in a few days (1-3 days). Some patients had fever, pruritus, arthralgias and headache. All the symptoms were independent on the number of doses administered and they lasted between 1-3 days. An increase in blood pressure was reported in three patients, but these patients had a previous history of hypertension. Neither biochemical nor haematological abnormalities were reported.
Clinical outcome. At the time of analysis 53 patients have died and 18 patients remain alive. Among survivors, fourteen are alive after 12 months or longer of being included in the study. The overall survival time of the patients from starting vaccination was 9.93 months (95% CI, 8.61-11.25); 1-year survival rate was 34% (Fig. 2) .
Although this was a compassionate-use study, a preliminary evaluation of the effect of vaccination on survival was performed by comparing survival of vaccinated patients with a nonrandomized control group. The median survival time of these controls was significantly lower (median 4.53 months; (95% CI, 3.70-5.56) (Log-rank test, p < 0,0001) than the one of the patients treated with 1E10 anti-idiotype MAb.
In Table 3 , the analysis of patient's survival according to different variables is shown after entering in the study. By disease stage, the median survivals were 9.93 (95% CI, 7.44-12.43) and 9.53 (95% CI, 6.12-12.95) for stages IIIb and IV, respectively. No statistically significant difference was detected among these two patient's strata (Table 3 ). There were no significant differences in survival between vaccinated patients according to their sex, age or tumor histology (Table 3) .
When the comparison in survival was performed between patients with different clinical responses to the first line of chemotherapy and with different performance status (PS1 vs. PS2), significant differences were observed between them (Table 3 and Fig. 3) .
It is noteworthy that the median survival time of the 56 patients (79%) who entered the study with partial response or disease stabilization and with a PS 1 after the first line of chemotherapy, was 11.50 months (95% CI, 7.97-15.03 months) and 1-year survival rate was 39%. This survival was significantly longer (Log-rank test, p = 0.002) as compared with the one calculated for patients who started vaccination with progressive disease and/or a PS2 (median survival 6.50 months; 95% CI, 4.31-8.69 months; 1-year survival rate 13%) (Fig. 3) .
There was also a significant difference (Log-rank test, p < 0.0001) when the comparison in survival was performed between the above mentioned 56 vaccinated patients and a subgroup of 50 control patients who reached partial response or disease stabilization after the oncospecific therapy and had a PS 1 (median 5.70 months; 95% CI, 3.27-8.13).
dIscussIon
NSCLC patients diagnosed in the late stages have a very poor prognosis and the life expectancy, even with the best oncospecific therapies, is short. Cytotoxic drugs that are registered at present as a second line of chemotherapy for the treatment of advanced NSCLC, as docetaxel (taxotere) and pemetrexed (alimta), are associated with a significant toxicity, mainly neutropenia grade 3-4 and febrile neutropenia. The median survival after the use of these drugs is approximately 8-9 months. [3] [4] [5] [6] Thus, the search for new therapeutic strategies that improve the survival of the patients suffering from advanced NSCLC, preserving their quality of life, is a priority. Among these new therapeutic approaches is the use of inhibitors of EGF-receptor signalization. Two of these molecules were registered for this indication by FDA (Food and Drug Administration, USA). Iressa (gefitinib) was approved as third line treatment of NSCLC, while Tarceva (erlotinib) received approval as second or third line therapy. 44, 45 Iressa failed to demonstrate benefit in survival in a postmarketing clinical study while Tarceva evidenced only a modest increase in survival when compared with a concurrent control treated with placebo (6.7 vs. 4.7 months). [46] [47] [48] Either the addition of trastuzumab, a MAb directed against the human epidermal growth factor receptor 2 (HER2) to platinum-or taxane-based chemotherapies did not improve survival of advanced NSCLC patients compared with chemotherapy alone. 49, 50 On the other hand, the addition of bevacizumab (anti-VEGF MAb) to standard platinum-based two-agent chemotherapy had a significant survival benefit in nonsquamous-cell carcinoma patients (stage IIIB or IV), but accompanied of the risk of increased treatment-related deaths. [51] [52] [53] Another focus of target therapy in NSCLC is the glycoprotein MUC1 that is overexpressed and aberrantly glycosylated in NSCLC. 54 The results of a randomized phase IIB trial of BLP25 liposome vaccine in stage IIIB and IV NSCLC showed that there was not statistical survival difference between the L-BLP25 arm and the one that did not receive the vaccine. Nevertheless, the results suggested that MUC1 vaccination could have an effect on survival in a selected subgroup of NSCLC patients. 55 Other vaccine strategies for advanced NSCLC are being now in clinical evaluation. 43, [56] [57] [58] This is the first report in the use of an anti-idiotype MAb related to NeuGc-containing gangliosides for the active immunotherapy of advanced NSCLC.
Although the patients were repeatly injected with 1E10/Alum and even when some of them received more than 15 doses of this vaccine, only a low rate of side effects was observed, confirming previous reports about the safety of the treatment with this anti-Id vaccine. 32, 33, 38, 39 The overall survival of the patients who entered the study was superior to the one reported recently 43 for a group of more than one hundred advanced NSCLC patients receiving standard oncospecific treatment in our country (9.93 vs. 4.53 months).
In particular, it is of interest that there are not statistical differences between 1E10/Alum vaccinated patients who had lung tumors of different histological classification. It is noteworthy that most of the patients who entered the study had squamous cell carcinomas, histological type tumor of the patients who did not showed benefit from bevacizumab treatment. [51] [52] [53] Other encourage results of the present study was the fact that there was not survival differences between patients younger or older than 60 years, and that the effect of the anti-Id vaccination was similar for NSCLC patients in stages IIIb and IV.
The benefits that targeted agents have added to the standard oncospecific therapies in advanced NSCLC have been restricted to patients' subgroups. 43, 51, 52, 55 In this study, the survival of the patients who started 1E10 MAb treatment with at least disease stabilization after the end of standard therapy and with a PS1, was significant greater compared with those patients with progressive disease and/or a PS2. To assess whether this advantage in survival could be due to the vaccination with 1E10 MAb, a comparison was performed with the median survival time calculated for a subgroup of the control patients with a PS 1 who achieved partial response or stable disease after the oncospecific therapy, and there was a statistical significant difference between the two groups (11.50 vs. 5.70 months). Thus, the treatment with the anti-Id vaccine seems to prolong survival of this group of patients.
The results reported here are promising and a Phase II randomized trial is now ongoing in NSCLC patients with the characteristics mentioned above, to confirm the clinical effect of 1E10 MAb vaccine and to evaluate the correlation between the immune responses that induce this anti-idiotype antibody preparation and patients' survival. Figure 3 . Kaplan-Meier survival curves of patients who entered the study with partial response or disease stabilization and with a PS 1 after the first line of chemotherapy (black) (median 11.50 months) or with progressive disease and/or a PS2 (grey) (median 6.50 months) (Log-rank test, p = 0.002). On the y-axis, the percentage of surviving is reported; on the x-axis, the time from entrance the study is reported.
